The intermediate filament nestin is highly expressed in multipotential stem cells of the developing central nervous system (CNS). During neuro-and gliogenesis, nestin is replaced by cell type-specific intermediate filaments, e.g. neurofilaments and glial fibrillary acidic protein (GFAP). In this study, we demonstrate that nestin expression is re-induced in reactive astrocytes in the lesioned adult brain. Following ischaemic and mechanical lesioning, a strong and sustained expression of nestin was noted in GFAP-positive cells surrounding the lesion site. Lesion experiments in transgenic mice carrying the lacZ gene under control of regulatory sequences from the nestin gene suggested that the upregulation of nestin in reactive astrocytes is mediated via the same sequences that control nestin expression during CNS development. These observations and recent data on the co-expression of glial and neuronal marker antigens in reactive astrocytes point to a close relationship between proliferating astrocytes and neuroepithelial precursor cells. nestin intermediate filament, reactive astrocytes, neural stem cells, transgenic mice, brain injury
Introduction
Reactive astrogliosis -the proliferation and hypertrophy of astrocytes in response to a variety of CNS lesions -is thought to play a major role in the healing processes following CNS injury. Understanding the cascade of molecular events underlying astrogliosis might help us to develop strategies to counteract traumatic, ischaemic and degenerative CNS lesions. Upregulation of the glial fibrillary acidic protein (GFAP) is the most prominent feature observed in reactive astrocytes, and experiments focusing on the control of GFAP expression have revealed an intricate regulatory system that includes growth factors, cytokines and neuroendocrine modulators (Eddleston & Mucke 1993 , Laping et al. 1994 .
Several studies have shown that the expression profile of reactive astrocytes also includes antigens not usually found in quiescent astrocytic cells.These include GABA (Lin et al. 1993 , Ochi et al. 1993 , Andersson et al. 1994 , calbindin-D28K (Freund et al. 1990 , Liu & Graybiel 1992 , and embryonic N-CAM (Le Gal La Salle et al. 1992) , i.e., antigens which are expressed transiently by a variety of cells during early brain development. In addition, marker antigens for early neuronal differentiation have been detected in activated astroglia. Vinores et al. showed expression of neurone-specific enolase (NSE) in tumour-associated reactive astrocytes (Vinores et al. 1984 , Vinores & Rubinstein 1985 . Following mechanical lesioning, Geisert et al. detected microtubule-associated protein 2 (MAP-2) in white matter astrocytes (Geisert et al. 1990) . Recently, Lin & Matesic (1994) demonstrated that NSE and MAP-2 are expressed in reactive astrocytes in lesions induced by ischaemia and retro/anterograde degeneration. Expression of marker antigens for bidirectional glial/neuronal differentiation could suggest reversion to or recruitment from a more immature, embryonic phenotype. To address this issue further, we monitored the expression of nestin in reactive astrogliosis. Nestin represents a new class of intermediate filaments and is expressed strongly in multipotential stem cells of the developing neuroepithelium (Lendahl et al. 1990) . When these precursor cells differentiate into neuronal and glial cells, nestin is downregulated and replaced by cell type-specific intermediate filaments, e.g., neurofilaments and GFAP (Frederiksen & McKay 1988) . During
